We present a key result from our optical integral field spectroscopic survey of 27 nearby ultra luminous and luminous infrared galaxies (U/LIRGs) from the Great Observatory All-sky LIRG Survey. Using spatially resolved multi-component emission line fitting to trace the emission line ratios and velocity dispersion of the ionized gas, we quantify for the first time the widespread shock ionization in gas-rich merging U/LIRGs. Our results show a fractional contribution to the total observed Hα flux from radiative shocks increasing from a few percent during early merger stages to upwards of 60% of the observed optical emission line flux in late stage mergers. We compare our resolved spectroscopy to nuclear spectra and find that 3/4 of the galaxies in our sample that would be classified as "composite" based on optical spectroscopy are primarily characterized by a combination of star formation and merger-driven shocks. Our results have important implications for the interpretation of "composite" rest-frame optical spectra of U/LIRGs as starburst+AGN, as the shock emission combined with star formation can mimic "composite" optical spectra in the absence of any contribution from an AGN.
INTRODUCTION
Optical emission lines play a vital role in constraining the physics of the power sources in distant galaxies, typically dominated either by star forming HII-regions or AGN. Early investigations investigated the utility of various emission lines in distinguishing between sources of ionizing radiation, including stars, AGN, shock fronts and planetary nebulae (Baldwin et al. 1981; Veilleux & Osterbrock 1987) . As larger and more refined spectroscopic samples became available and as radiative transfer models improved, the boundary lines separating star formation from AGN were solidified. Kauffmann et al. (2003) and Kewley et al. (2001 Kewley et al. ( , 2006 established empirical and theoretical upper limits to the line ratios that can possibly be achieved in HII regions. The [NII]/Hα vs.
[OIII]/Hβ diagnostic is most commonly used in large studies, and has a region lying between pure star forming and pure AGN emission that is typically used to classify "composite" HII region + AGN spectra in galaxies. In some cases, galaxies may migrate from the empirical sequence of pure HII region emission towards the AGN portion of the diagnostic diagram as an AGN ignites and thus must have an increasing fractional contribution from a harder source of ionizing radiation (Yuan et al. 2010) .
In strong emission line galaxies, this "composite" emission is generally interpreted as a combination of AGN and HIIregion emission (e.g. Yuan et al. 2010; Ellison et al. 2011) . In Starburst+LINER systems, however, the nature of observed composite emission may be a result of non-AGN sources. In particularly energetic systems, extended LINER emission has been observed due to starburst driven (Sharp & Bland-Hawthorn 2010; Monreal-Ibero et al. 2010; Soto & Martin 2012) . In Rich et al. (2010 Rich et al. ( , 2011 , we presented results that revealed a mixture of LINER-like excitation driven by shocks and HII-region emission due to ongoing intense star formation in three merging Ultraluminous and Luminous Infrared Galaxy (U/LIRG) systems. In a follow-up supplement we will present a detailed and expanded analysis of the 27 systems from our integral field spectroscopic (IFS) survey of nearby U/LIRGs.
In our survey we employ a combination of emission line ratio maps and emission line velocity dispersion derived from multi-component fits to separate shocked line emission from star formation. We also use a combination of optical, infrared and x-ray data to identify galaxies with a clear, strong AGN contribution. We analyze our IFS data with multi-component emission line fits and separate velocity components consistent with star formation from those consistent with shocks. Our results indicate an overall increase in total emission due to shocked gas as galaxy mergers progress in U/LIRGs, exceeding half of the total observed Hα emission in some late-stage mergers. Moderate velocity resolution and spatial information are key factors in our analysis, though they come at the cost of sample size.
Many large spectroscopic surveys, however, rely on single aperture spectra to determine galaxy properties (e.g. Tremonti et al. 2004; Ellison et al. 2008; Stasińska et al. 2008) . For nearby galaxies this typically means collecting only light from nuclear regions while at larger distances the observed spectrum can represent a large fraction of a galaxys total emission. Although a loss of spatial information has thus far been necessary to survey statistically large samples of galaxies, some possible effects remain to be qualified. To this end, we compared the results of our spatially resolved analysis with single aperture nuclear spectra extracted from our IFS data.
In this letter we present the results of the single-aperture analysis of our IFU survey of nearby U/LIRGs. HII, "composite" and AGN classifications are derived from emission line ratio diagnostics using the nuclear spectra. We explain briefly the methods used to separate shock emission from star formation in our data cubes and compare nuclear spectra to our data cubes as well as multi-wavelength data useful for diagnosing AGN activity. We discuss a possible method for identifying the AGN in our sample using single-aperture spectra in the absence of IFS data.
OBSERVATIONS AND ANALYSIS
The Sample observed and analyzed for this letter is described in detail in and a companion supplement in preparation. In short, our sample is composed of 27 systems taken from the Great Observatory All-Sky LIRG Survey (GOALS), which is itself a subset of the IRselected Revised Bright Galaxy Sample (Sanders et al. 2003; Armus et al. 2009 ). These objects represent some of the most active and luminous systems in the nearby universe (z < 0.05), including 4 ULIRGs. Most of the systems in our sample consist of two or more merging galaxies, we separate the systems into four isolated ("iso"), four widely separated systems ("a"), ten closely interacting mergers ("b"), and nine late stage, coalesced mergers ("cde") as defined by Yuan et al. (2010) and Veilleux & Rupke (2002) . Separate from these merger stage classifications we also identify four galaxies which are clearly identifed as AGN in the farinfrared and x-ray (Farrah et al. 2007; Iwasawa et al. 2009 Iwasawa et al. , 2011 Petric et al. 2011) . These AGN are composed of one of the isolated systems and three of the closely interacting systems. The remaining systems classified in the merger sequence show weak or ambiguous indication of an AGN across multi-wavelength data.
Integral Field Spectra
Our observations were made using the Wide Field Spectrograph (WiFeS), an image-slicing, dual beam spectrograph on the Australian National University 2.3m telescope at Siding Spring Observatory (Dopita et al. 2007 . A single pointing consists of a blue and red cube with a FOV of 25 ′′ x38 ′′ sampled with 1 ′′ square spaxels. The blue cubes cover 3700-5500Å at R ∼3000 while the red cubes cover 5300-7000Å at a moderately high R ∼7000. The data were reduced using IRAF packages created for the WiFeS instrument, as described in detail in (Rich et al. 2010 (Rich et al. , 2011 . The resulting blue and red data cubes analyzed are fluxcalibrated, sky-subtracted and where necessary mosaiced to cover a larger field of view.
We also analyze nuclear spectra from each system. For each data cube, a fixed 1 kpc circular aperture was extracted from the brightest optical nuclear region, combining several spaxels, ranging from 4 for the most distant systems to 32 for the nearest system, into a single spectrum. Each spaxel's spectrum was weighted based on the percentage of that spaxel that fell within the circular aperture, in the same fashion as Rich et al. (2011) .
Data Analysis
Our analysis focuses on the properties of the emission line gas in our sample. For each spectrum in a data cube, we first fit a stellar continuum with emission masked using a linear combination of stellar templates, with stellar population synthesis models from González Delgado et al. (2005) and fitting software which employs least-squares fitting derived from IBACKFIT and MPFIT (Moustakas & Kennicutt 2006; Markwardt 2009 ). This continuum is subtracted and our own multi-component emission line fitting software is run on the remaining continuum-subtracted spectrum.
To determine the number of emission line components to fit, the [NII]+Hα region from each spectrum is fit with one, two and three gaussian components. Each fit is checked by eye and compared with neighboring fits and one two or three components are assigned depending on both a subjective goodness of fit as well as a comparison with the increase in a statistical measure of the goodness of fit. The width and redshift of each emission line component is then fixed and all strong emission lines are fit with the derived gaussians. An example of a three component fit from one of our systems is shown in Figure 1 . Only emission line components with a peak flux with a signalto-noise ratio greater than 3σ were considered in our analysis.
The nuclear spectra are fit in a similar fashion and corresponding emission line fluxes and widths are then extracted from the resulting fit. This is similar to the SDSS-fiber simulations in Rich et al. (2011) , but no binning is performed in the spectral direction, maintaining the native spectral resolution.
RESOLVED VS. SINGLE APERTURE SPECTROSCOPY
Our resolved spectroscopy reveals spectra that lie in the composite region of the diagnostic diagrams which have no apparent contribution from an AGN. Instead, the composite activity results from an increasing contribution to the optical spectra from shocks in late-stage mergers. In order to investigate whether these galaxies could be mistaken for composite HII+AGN, we compare our extracted 1 kpc nuclear spectra to the systems' overall characteristics. Figure 2 shows diagnostic diagrams with line ratios calculated from the 1 kpc nuclear spectra for each system, color coded with respect to the galaxies merger class. In total, 12 of the systems in our sample lie in the "composite" region when a 1 kpc aperture is used to determine the galaxy type. The blue point in the composite region corresponds to the previously classified LINER nucleus in IRAS F18341-5732. Two of the AGN fall in the upper portion of the composite region as well. Figure 2 also shows that several middle and latestage mergers with no clear indication of AGN activity lie in the "composite" region in both the nuclear spectra. In all, 9 of the 12 "composite" systems exhibit spectra that appear to be the result of a mixture of merger-driven shocks and HII-region emission, rather than strictly a mix of AGN and HII-regions.
VELOCITY DISPERSION, SHOCKS AND AGN
We quantify the relative amount of shocks present in a galaxy using the spaxel-by-spaxel velocity dispersion, σ, as a proxy. Figure 3 shows the velocity dispersion distribution of the emission line fits. Lower-σ values correspond to HIIregion emission and turbulent star formation, up until approximately σ = 90 km s −1 where shocks dominate (e.g. ??. Clearly there is a shift in the σ-distribution towards more turbulent star formation and shocks as the mergers progress.
One difference between the clearly identified AGN and the non-AGN in our sample lies in the emission line velocity dispersion distribution. Figure 3 shows the velocity dispersion distribution of the emission line fits in the different merger stages and the AGN in our sample. The shape of the non-AGN dominated systems is discussed in the companion supplement, but is dominated primarily by low-σ star forming regions and higher-σ (∼100 − 200 km s −1 ) shocks, which become an increasingly dominant component of the optical emission at later merger stages. The AGN in Figure 3 show a small but significant contribution from emission line components with velocity dispersions well in excess of 250 km s −1 , significantly beyond the upper end of the velocity dispersions exhibited by low-velocity shocks in the non-AGN mergers.
The total contribution from shocks at each merger stage can be measured using the values shown in Figure 3 . We separate the flux-weighted emission line velocity dispersion components into four separate velocity dispersion groups to investigate the relative contribution from star formation, shocks and AGN. We associate low-σ emission with HII-regions, mid-σ with turbulent star forming regions, high-σ with shocks and very high-σ with AGN, with relative contribution from each shown in Figure 4 .
The non-AGN systems exhibit nearly zero emission above a σ cutoff of 350 km s −1 , remaining dominated by star for- mation at early merger stages and shocks at the latest merger stages. It is worth noting that in the non-AGN, the emission is split nearly evenly between the turbulent star forming and shock-like component (55% vs. 42%, with the remainder in the low-σ bin). This is likely a combination of beam smearing disk rotation and outflow: to properly disentangle these components in the unresolved nuclear regions of shock-dominated galaxies will require higher spatial resolution IFS. The AGN, however, show a contribution to the total Hα emission in excess of 10% above the highest σ cutoff. The majority of this very high σ emission arises in regions coincident with the AGN in each system. When the 1 kpc apertures are considered, the fraction of emission with σ > 350 km s −1 remains at nearly zero for the non-AGN and increases to 35% for the AGN. This highest-σ component is likely driven by the seyfert nuclei in the four AGN and may point to a method for discriminating between AGN and non-AGN in unresolved optical spectra given a high enough spectroscopic resolution, though further observations are necessary given our small sample size. AGN themselves may drive shocks, especially at the higher velocities consistent with the very high-σ component: such velocities indeed require a non-stellar source (e.g. Westmoquette et al. 2012) .
DISCUSSION
Clearly some composite galaxies are a combination of star formation and shock excitation, not simply starburst-AGN composites as suggested by their location on the starburst-AGN mixing sequence. Without spatially resolved spectroscopy with moderate velocity resolution it is difficult to determine whether the composite behavior in a nuclear spectrum is in fact the result of HII+AGN or HII+shock excitation, as is the case in some of our galaxies. This may affect the results of, for instance, Yuan et al. (2010) where composite galaxies in late-stage mergers are considered a transitional class between pure HII emission and pure AGN emission in end-stage merger ULIRGs. There is likely less contamination of the composite region by shocks in non-interacting or more quiescent star-forming systems as the drivers of shock excitation, strong galactic winds and tidally induced gas flows, contribute far less energy to the ISM. To briefly summarize our findings:
• Using kpc aperture nuclear spectra, our IFS sample yields 12 "composite" systems. 3/4 of these composite systems are a mixture of HII-region and shocked gas emission rather than purely AGN+starburst composite spectra
• The systems clearly harboring AGN as evidenced by multi-wavelength data show a strong flux-weighted velocity dispersion component in our resolved spectra at relatively high σ when compared to systems with shocks but no clear AGN. This component is primarily restricted to the nuclear regions and is in excess of 350 km s −1 .
Without resolved spectroscopy, this mix of star formation and shocks can lead to a composite spectrum, depending on the location of the shocks, location of the aperture used and depending on the total fractional contribution to the optical emission from shocks. Indeed, the fact that shock-like line ratios are present outside of the star forming cores in many U/LIRGs (e.g. Monreal-Ibero et al. 2010; Soto & Martin 2012) implies that an admixture of HII-region emission due to a nuclear starburst could result in a composite spectrum. This mixture of shocks and star formation has also been observed in resolved spectroscopy of high redshift systems, with up to 25% of line emission in some systems possibly emerging from shocks (Newman et al. 2012 (Newman et al. , 2013 .
In many cases, a mixture of star formation, shock excitation, AGN activity and even old stellar populations may be the cause of composite emission, although even with resolved optical spectroscopy the contribution of each power source may remain ambiguous (e.g. Cid Fernandes et al. 2009 Fernandes et al. , 2010 Alatalo et al. 2011; Newman et al. 2013 ). The situation is further complicated by beam smearing in resolved spectroscopy and and other effects caused by low spatial resolution (Yuan et al. 2013) .
Higher spatial and spectral resolution IFS observations analyzed using a combination of multiple optical emission lines and new theoretical models may allow observers to not only determine the fractional contribution from stars, shocks and AGN. In some systems, however, further multi-wavelength data may be necessary to disentangle the various power sources at work in many systems both in the local universe and at high redshift.
